Abstract. We carried out a survey of infrared star clusters and stellar groups on the 2MASS J, H and Ks all-sky release Atlas in the Northern and Equatorial Milky Way (350
Introduction
Embedded star clusters allow one to study the very initial phases of star formation. Since they are in general deeply embedded in dust and/or located in heavily reddened lines of sight, the infrared domain is necessary to study them (e.g. Lada & Lada 1991; Hodapp 1994; Deharveng et al. 1997; Carpenter 2000) .
A large sample of embedded clusters and the knowledge of their distribution throughout the Galaxy -both angularly and in depth -are fundamental to be established, which in turn is important for subsequent detailed studies of individual objects and of the Galactic structures to which they belong. Besides serendipitous discoveries and findings in specific directions such as those of molecular clouds (Hodapp 1994) or nebulae (Dutra et al. 2003a , hereafter Paper I), systematic methods can be applied: visual inspections of a whole area (Dutra & Bica 2000a) or automated methods (Reylé & Robin 2002 , Ivanov et al. 2002 .
The near infrared Two Micron All Sky Survey (hereafter 2MASS, Skrutskie et al. 1997 ) has become a fundamental tool for the discovery of star clusters and stellar groups in the Galaxy, most of them embedded in dust. A literature compilation of 276 infrared clusters and stellar groups (Bica et al. 2003) 
included objects reported until
Send offprint requests to: C.M. Dutra -dutra@astro.iag.usp.br mid 2002. Several entries in that catalogue had been found on the basis of 2MASS material. In addition to those objects, Dutra & Bica (2000a) surveyed 2MASS images of central parts of the Galaxy and reported 58 small angular size cluster candidates resembling the Arches and Quintuplet clusters as seen on 2MASS images. Recently, Dutra et al. (2003b) have observed most of them deeper and at higher angular resolution with the ESO NTT telescope: 31 turned out to be blended star images in the 2MASS Atlas, while 27 were confirmed as clusters or remain as cluster candidates.
More recent discoveries are 10 objects from Le Duigou & Knödlseder (2002) and Ivanov et al. (2002) using 2MASS, 2 objects from Deharveng et al. (2002) using their own observations, and finally, 179 objects from Paper I using J, H and K s images from the 2MASS all-sky release Atlas. In Paper I we performed a search for clusters and stellar groups in the directions of known optical and radio nebulae throughout the Southern Milky Way (230
The present study aims to complete the search for infrared stellar clusters and stellar groups around the Milky Way disk in the directions of known optical and radio nebulae, which was initiated in Paper I. In Sect. 2 we present the search method. In Sect. 3 we provide the newly found objects related to optical and radio nebulae. In Sect. 4
we discuss some properties of the new samples. Finally, in Sect. 5 concluding remarks are given.
Search method
Using the same procedures as in Paper I, we searched for infrared clusters and stellar groups in the J, H and K s 2MASS images around the central positions of optical and radio nebulae in the Milky Way region 350
• < ℓ < 360 ′ . The K s band images allow one to probe deeper in more absorbed regions, whereas the J and H band images were used to detect blended images by bright star contamination.
The optical nebula list was compiled from: Ber (Bernes 1977), BFS (Blitz et al. 1982) , BRC (Sugitani et al. 1991) , Ced (Cederblad 1946) , DG (von Dorschner & Gurtler 1963) , GGD (Gyulbudaghian et al. 1978) (Neckel & Staude 1984) , Parsamian (Parsamian 1965) , PP (Parsamian & Petrosian 1979) , RNO (Cohen 1980 ), Sh1- (Sharpless 1953 ), Sh2- (Sharpless 1959) and vdB-RN (van de Bergh 1966) .
Several southern catalogues have extensions to equatorial zones, and have also been investigated: ESO (Lauberts 1982) , Gum (Gum 1955) , RCW (Rodgers et al. 1960) and vdBH-RN (van den Bergh & Herbst 1975) .
The radio nebula list was compiled from: GReifenstad III et al. (1970) , Downes et al. (1980 ), Lockman (1989 and Kuchar & Clark (1997) , CTB -Wilson & Bolton (1960) and Wilson (1963), and W -Westerhout (1958) . We also indicate some infrared nebulae related to sources in the AFGL and IRAS catalogues. The list of SNRs is from Green (2001) . The identification of optical SNRs is according to van den Bergh (1978) .
Each detection before becoming a discovery was checked against the known objects, i.e. the infrared catalogue (Bica et al. 2003 ) and optical open cluster catalogues (Alter et al. 1970; Lyngå 1987; Dias et al. 2002) in the studied region.
For the resulting IR star clusters we determined accurate positions and dimensions from their K s images (in FITS format) using SAOIMAGE 1.27.2 developed by Doug Mink.
Newly found objects
Embedded clusters are expected to occur in the areas of nebulae, thus we concentrated our search efforts on known optical and radio nebulae, mostly HII regions but also reflection nebulae and supernova remnants.
We merged the different catalogues and lists of nebulae into a radio/infrared and an optical nebula files. We cross-identified nebulae in each file, and between both files. Radio nebulae with optical counterparts were transferred to the optical nebula file. The resulting input lists of optical and radio nebulae make in total respectively 1361 and 826 objects in the present Milky Way regions, whose directions were inspected. The whole Milky Way radio and optical nebula catalogue currently has 4450 entries after cross-identifications, and will be provided in a forthcoming study. The optical and radio nebula catalogues are similar to the recent dark nebula catalogue with 5004 entries by Dutra & Bica (2002) .
The results of the cluster survey are shown in Tables  1 and 2 , respectively for optical and radio nebulae. By Cols.: (1) running number, (2) and (3) Galactic coordinates, (4) and (5) J2000.0 equatorial coordinates, (6) and (7) major and minor angular dimensions, (8) related nebulae, (9) class, (10) remarks including distance (in case of kinematical ambiguity the near and far distances are shown), multiplicity and linear dimension.
The new infrared clusters, stellar groups and candidates from the optical nebula survey amount to 103, and from the radio nebulae survey they are 64. The detection rates relative to the input nebula catalogues are both 8% for optical and radio nebulae. These detection rates are lower than those obtained in Paper I, mostly because the Equatorial and Northern Milky Way had been previously more surveyed for infrared clusters than their southern counterpart (Paper I). Several reasons may contribute to these low rates: (i) cluster outside the search box owing to projection effects between molecular cloud and champagne flow; (ii) extreme absorption in molecular cloud or in the line-of sight; (iii) HII region ionized by isolated star or stars; (iv) reflection nebula illuminated by single star.
We illustrate in Fig. 1 a prominent infrared cluster in an optical nebula: Object 43 in Sh2-157. We show in Fig.  2 a K s image of Lagoon's Nebula Hourglass (Woodward et al. 1990) . With the 2MASS's resolution an embedded cluster starts to show up. The western part of the Hourglass is particularly resolved into stars. We illustrate in Fig. 3 a prominent infrared cluster located in a radio nebula: Object 165 in G351.694-1.165. In Fig. 4 we show Object 139 in the radio nebula W51B=G49.0-0.3, part of the large star-forming complex W51.
Object classes are infrared cluster (IRC), stellar group (IRGr), cluster candidate (IRCC), and open cluster (IROC). Images illustrating these different classes were given in Paper I. IRCs are in general populous and at least partially resolved. IRCCs are probably clusters, but are essentially unresolved, and require higher resolution and deeper images for a definitive diagnostic. IRGrs are less dense than IRCs (Bica et al. 2003) , some are rather compact but little populated. IROCs have similar appearence to optical open clusters and relatively large angular size (≈2 ′ or more). In Table 1 there occur 45 IRC, 37 IRGr, 14 IRCC and 7 IROC objects, while in Table 2 16 IRC, 18 IRGr and 30 IRCC objects. The large fraction of cluster candidates among radio nebulae certainly reflects higher absorption and/or larger distance effects.
Distances are mostly based on kinematical estimates for the nebulae (Downes et al. 1980 ), but include as well averages with estimates from individual stars, when available (e.g. Georgelin et al. 1973) . The near/far distance (R) ambiguity has been solved by Downes et al. (1980) for several nebulae, else we indicate both R n and R f . The provided distances in Tables 1 and 2 should be compared to those from the infrared stellar content in future studies.
Some infrared clusters, stellar groups and candidates were found to be related to nebulae which have been classified as planetary nebulae. The present results from (Table 1) represented by open circles, and radio nebulae (Table 2) represented by filled triangles.
inspections of J, H and K s images indicate or confirm (e.g. Acker 1992) that K3-50, Sh2-128, BFS32=PK149-1.1, IC2120=PK169-0.1, Sh2-267=PK196-1.1 and Sh2-271=PK197-2.1 are not planetary nebulae.
We included in Table 1 new embedded clusters and stellar groups related to optical reflection nebulae. This type of relation has been discussed in Dutra & Bica (2001) . These objects appear to be less massive clusters or stellar groups where no ionizing star was formed. The objects in Soares & Bica (2002) 
Discussion
For the present sample (Tables 1 and 2) there occur 42 clusters which are members of pairs, triplets, quadruplets or quintuplet. The quintuplet occurs in W51. That number corresponds to a fraction of 25%, confirming the properties of the two previous samples (Bica et al. 2003 and Paper I) . In the present sample multiplicity occurs more often among objects coming from the radio sample, which amount to 24 objects. As discussed in our two previous papers (Bica et al. 2003 and Paper I) multiplicity must play a significant role in the early dynamical evolution of star clusters.
The present results confirm that W51 is a prominent star forming complex in the Milky Way (Goldader & Wynn-Wiliams 1994 and references therein), or that some depth effects occur since this is the eastern tangent point of the Sagittarius-Carina Arm. Table 2 shows that 18 objects are related to W51: 3 IRCs, 2 IRGrs and 13 IRCCs. Fig. 5 shows the angular distributions of the present samples (Tables 1 and 2 ). Objects from the radio sample are mainly located between 350
• < ℓ < 360
• and 0
• < ℓ < 60
• corresponding to internal arms and where absorption in the Galaxy shows a pronounced increase (Dutra & Bica 2000b) . Objects coming from the optical sample are more evenly distributed across the surveyed region, including directions of the Local, Perseus and Outer Arms. Both samples have objects in directions of the Sagittarius-Carina Arm, but more probably objects related to optical nebulae belong to it. Fig. 6 shows the distance histograms for the objects (Tables 1 and 2 ). In cases of distance ambiguity we assumed their near distance as a lower limit for the histogram analysis. The optical sample has a pronounced peak at 2 kpc, but has important contributions up to 4 kpc. The histogram of the radio sample covers a wide distance range. The pronounced peak at 7.5 kpc corresponds to the large number of objects in the W51 complex. A secondary peak occurs for ≈9 kpc. Radio objects are also significantly distributed in the range 2-4 kpc. Fig. 7 shows the linear size histograms for the objects (Tables 1 and 2 ). Objects with distance ambiguity were excluded. The histogram of objects coming from the optical nebulae sample is remarkably similar to that obtained in Bica et al. (2003) and its counterpart of Paper I, skewed with a peak at about 1 pc. The histogram of objects from the radio nebulae sample is more evenly distributed, with a peak at about 2 pc, likewise its counterpart in Paper I.
Concerning SNRs, one probable IRGr is in the area of the radio SNR GG5.2-2.6, and one in that of G5.321- 
Total sample of known objects
Considering the results of the present work, Paper I and the literature objects indicated in Sect. 1, the total sample of known infrared clusters, stellar groups and candidates is now 661. Fig. 8 shows the angular distribution in galactic coordinates of the total sample. Now the whole Milky Way has been more uniformly surveyed, which was not the case of the literature sample (see Fig. 1 of Bica et al. 2003) . The objects towards the central parts are distributed more closely to the plane, suggesting larger distances on the average. The objects at higher latitudes around the anticentre are in the nearby Orion and Taurus complexes. Fig. 9 shows the distance histogram for the total sample. The distribution peak occurs at 1.5 kpc, showing that a typical IR cluster or stellar group is a relatively close object. Most of the objects are in the range 1-4 kpc, but an important sample also occurs for 5-9 kpc. A few objects exceed 10 kpc. Fig. 10 shows the linear size histogram for the total sample. The enormous sample that we are dealing with shows that embedded clusters are typically small, less than 2 parsecs in size, and hardly exceeding 4 pc. This must reflect the dimensions of the regions in molecular clouds where star formation is efficient enough to create zones of high stellar densities. The present results suggest that the extent of such regions does not vary much from cloud to cloud.
We can also estimate the density increase of objects along the Galactic disk by comparing the samples in Bica et al. (2003) and the present total sample. Considering clusters with |b| < 5
• the former sample provided 0.53 objects (degree) −1 along Galactic longitude, while the present overall sample yields 1.57 (degree) −1 .
The angular distributions and distances indicate that the now known overall sample of embedded clusters and stellar groups arises mostly in external arms, in the near side of internal arms and to a certain extent central parts of the Galaxy. Beyond these regions, especially towards the inner Galaxy, line-of-sight absorption effects must be too strong, even for the near IR domain.
Sensitivity of surveys
It is interesting to compare the spatial distribution of infrared clusters and stellar groups with those of the optical and radio nebulae. A decrease of clusters with distance would favour distance/reddening effects on detectability while other distributions might suggest that many nebulae do not harbour any cluster. We study the available objects in the whole plane, including the present sample, that of Paper I and the previously catalogued clusters (Bica et al. 2003) . Distance information is available for 958 optical and 358 radio nebulae. There are 232 clusters or groups related to optical nebulae and 119 to radio nebulae with distance estimates. The comparison is made in Fig. 11 . The blowup for optical objects (upper right panel) suggests a detection decrease with distance for d > 2.5 kpc. For the radio sample the distance decrease is clear for d > 5 kpc (lower left panel). These results suggest that nebulae with distance information in general harbour a cluster or stellar group and that many remain undetected owing to a reddening/distance horizon effect. However, the total number of nebulae in the catalogues is much larger (Sect. 3) than those with velocity (distance) information, which suggests that many deal with structural details of (Table 1) and panel (b) radio nebulae (Table 2) . the nebular complexes, which do not necessarily harbour any cluster.
Concluding remarks
We searched for embedded star clusters and stellar groups in the directions of 1361 optical and 826 radio nebulae in the Equatorial and Northern Milky Way (in the region 350
• < ℓ < 360 • , 0 • < ℓ < 230 • ) using J, H and K s images from the 2MASS all-sky release Atlas. A total of 167 new infrared clusters, stellar groups and candidates were found. Together with 179 discoveries from Paper I, the present method provided a total of 346 new objects. This number is larger than that of all previously known infrared clusters, stellar groups and candidates in the literature, which amount to 315 objects.
The physical properties of the present sample are similar to those of its southern counterpart (Paper I), in par- (Table 1) and panel (b) radio nebulae (Table 2) . ticular concerning the size distribution of clusters coming from the optical and radio nebulae samples. Multiplicity appears to affect about 25% of the embedded clusters, suggesting that interactions and mergers can affect their early dynamical evolution. Objects from the optical nebulae sample are on the average closer (at 2-4 kpc) than those from the radio nebulae sample.
The present contribution and that of Paper I provide a fundamental new sample for detailed future studies. Resolved brighter objects may be studied with 2MASS photometry itself, but most of the sample requires large telescopes for deep photometry.
Considering the results of the present work, Paper I and the literature objects indicated in Sect. 1, the total sample of known infrared clusters, stellar groups and candidates now amounts to 661 objects. Most are located nearby (1-4 kpc) and they are typically smaller than 2 pc. Much work is yet to be done with 2MASS, especially in the search of more evolved disk clusters away from nebulae. Systematic visual searches in specific areas and searches using automated methods will certainly provide many new discoveries. 
